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フェニルアミノメチルカチオンの気相安定性に及ぼす置換基効果 
 
Substituent Effects on Gas-Phase Stabilities 
of Phenylaminomethyl Cations 
 
 
ň Çřǃƿ  hzZ{Nwvaj{Y|wǄƿ  Žæ Ńĥǅƿ 
Kazuhide Nakata, Hans-Ullrich Siehl, Mizue Fujio 
 
ǃƿĳĕ×Ú ŬÉÚƥǂŹĻŚÚ\z_| 
ǄƿNwr×Ú ġī³ÚŕŠąǇ 
ǅƿê×Ú ãľƓ³ÚŕŠą 
 
     Relative gas-phase stabilities of ring-substituted phenylaminomethyl cations were theoretically 
determined using isodesmic reactions, and the substituent effects were analyzed by the Yukawa-Tsuno 
equation: −ΔEX = ρ(σ 0 + r+Δσ R+ ) .  A substantial r+ value of 0.36 was observed for the fully-optimized 
cation which has a planar structure.  On the other hand, a negligible r+ value of –0.03 was found for the 
cation in which the side chain plane was fixed orthogonal to the benzene ring plane.  This decrease in the 
r+ value was attributed to the through-resonance effect between the cationic center and the para –R groups, 
which operates through a non-classical orbital interactions between the benzene p-electron system and the 
side chain.  This mechanism was investigated in detail by means of NBO analyses.   
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1. はじめに 
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ŝ5R`Qz5įŒÛÞý4¶=%ųēÐ±ĤJǀ
!GDųēÐÞėJơņ#*ò(1)4C-/Ɔģ#
*1!Hǀ¡/50G*őŰŒƭƄĶ"G*
ùDG* r+6ßƻJŦñź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Fig. 1. N'-Phenylguanidinium ions. 
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2. 方法 
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3. 結果および考察 
 
3.1 構造と安定性 

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図 2. 4c(H, φ) の二面角 φにともなう安定性の変化 .
Fig. 2. Change in stability of 4c(H, φ)
with the dihedral angle φ.
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Fig. 3. Structures of ring-unsubstituted 
phenylaminomethyl cations.
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図 3. 環無置換フェニルアミノメチル
カチオンの構造 .
 Copyright © 2017 Hosei University      ĳĕ×ÚÿÑsbLKĖŷŕŠ\z_|ŕŠÑÅ Vol.31 
33 
N7–C16 1.423Å0ǀs`wKqz5CNŭÀƾ1.466Åƿ
1ĮƘ#/Ŕ3-/F>*ǀmz]zń5Ĺ
ũ–ĹũŭÀ5ƕƳ6ǀCipso–Cortho=1.396ÅǀCortho–
Cmeta=1.385ÅǀC8ǀCmeta–Cpara=1.394Å Jŗ#ǀ
mz]z5 CCŭÀƕƳƾ1.392ÅƿD5ŭÀ
ƃDGF!GD5ß6ǀ4c(H)4/ǀR`
Qzú1mz]zń15őĐ¢Ƽ±ĤC8šũ
µÙ1mz]zń15¢Ƽ±Ĥ4CFÛÞ³ǀ¢
ïƶĨƞJ¸F15Ţ·ō4CFÛÞ³CE
ƧƂ0F1¬ƛ5ŵáJĔĊ%F 
 ƶƅfJ 90˚4ÍÞ#* 4c(H, f=90˚)06ǀ4c(H)
1ĮƘ#/ N7–C1ŭÀ6ƫ3Eǀmz]zń5Ĺ
ũ–ĹũŭÀ5ŭÀ6ƃDG34c(H, f=90˚)
4/őĐ¢Ƽ±ĤC8¢Ƽ±Ĥ6ņ#/
3!1JŗÈ#/F>*ǀC14–N7ŭÀ6ǀ4c(H)
CEAŔ3Eǀmz]zń:5ƴŻ5ƵçÎ³
ĵå#**@ǀšũµÙ(N7):5ƵçÎ³ƂıÓ 
 
ƀ 1. ŒâįŒÛÞý (–DEX).a 
Table 1. Relative gas-phase stabilities (–DEX).a 
–––––––––––––––––––––––––––––––––––––––––––––– 
Substituentsb              1cc      2cc      4cd 
–––––––––––––––––––––––––––––––––––––––––––––– 
p-Me2N   9.47 26.21 17.39 
p-NH2   6.18 20.62 13.11 
m-Me2N   6.94 7.58 8.43 
p-MeO   3.36 12.93 8.18 
p-OH   1.56 9.66 5.72 
p,m-Me2   3.83 7.56 5.83 
p-MeO-m-Cl   -0.23 8.36 4.13 
p-t-Bu   3.24 7.27 5.07 
p-Me   2.21 5.63 3.85 
m-MeO   2.45 2.16 2.67 
m-Me   1.94 2.51 2.38 
H   0.00 0.00 0.00 
  (0)e (20.11)e (26.57)e 
p-F   -3.40 -0.57 -2.02 
p-Cl   -3.73 -0.94 -3.04 
m-F   -4.45 -5.57 -5.19 
m-Cl   -4.28 -5.40 -5.03 
m-CF3   -6.97 -8.43 -8.20 
m-CHO   -4.81 -6.91 -6.27 
m-COMe   -1.98 -3.38 -2.75 
m-CN   -9.88 -12.21 -11.63 
m-NO2   -10.67 -13.00 -12.49 
p-CF3   -7.28 -9.52 -9.68 
p-CHO   -6.71 -8.63 -10.00 
p-COMe   -4.03 -5.05 -6.50 
p-CN   -10.10 -11.69 -13.01 
p-NO   -9.48 -12.56 -14.66 
p-NO2   -11.35 -15.21 -16.08 
–––––––––––––––––––––––––––––––––––––––––––––– 
a) Determined at the B3LYP/6-311+G(2d,p) level in unit 
of kcal mol-1. 
b) Ring substituents (X). 
c) Data taken from Ref. 7. 
d) Estimated with Eq. (4). 
e) Stabilities of ring unsubstituted cation relative to 
1c(H).   
×#*!1JŗÈ#/F 
 ò(4)J©ņ#/ĲÞ#* 4c5ŒâįŒÛÞýƾ–
DEXƿJǀ1cC8 2c51¢4 Table 14>1@
* 
 R`Qz6ǀƴÙýÐ5ã 4CEÛÞ³#ǀ
7 p-Me2NÐ5ã 4CEŨ 17 kcal mol-15ÛÞ
³Jŗ#*>*ǀƴÙıóýÐ5ã 4CEÛ
Þ³#ǀ7 p-NO2Ð5ã 4CE 16 kcal mol-1
5ÛÞ³Jŗ#*ųēÐ±Ĥ6ǀƶƅf5Ó×
1¢4ĵå#* 
 
3.2 置換基効果の比較 
 
 Table 14ŗ#* 4c5B3LYP/ 6-311+G(2d,p)xmw
5ŒâįŒÛÞýƾ–DEXƿJâü%Fs0Ðĸŧ5 1c
C8s+Ðĸŧ5 2c 5ŒâįŒÛÞýƾ–DEXƿ[7]
1ĮƘ#*lyacǀ¿lyac5J´Ëí
0ı@*ŭĤǀC8ǀ(GD5Œƭė6ǀ(G
)G Fig. 4C8 Fig. 54ŗ#* 
 4c5–DEX5 1c5–DEX4â%FlyacƾFig. 4ƿ
06ǀp-NO2D p-NMe2>05Ũ 33 kcal mol-1
4I*-/ 1.405őŰŒƭƃDGFǀŒƭ
ė6 R=0.9720ŒƭŦñ6ź3ƍū4ĦƉ
%F1ǀƽƾƿ0ŗ#* m-Me2N, m-MeO, m-Me, 
H, m-COMe, p-COMe, m-Cl, m-F, m-CHO, p-CHO, 
m-CF3, p-CF3, p-NO m-CN, p-CN, m-NO2, C8 , 
p-NO25 175ųē4./ǀ 1.31ǀŒƭ
ė R=0.9945G*őŰŒƭăŢ#/F!G
Ds_ųēÐC8iuƴÙıóýųēÐD5Ə
Ɣ±Ĥ6ǀ4c 5ę 1c 1ĮƘ#/ƹż4×1
FŎƾƿ0ŗ#* p--ƴÙýųē
ƾ p-Me2N, p-NH2, p,m-Me2, p-MeO, p-t-Bu, p-Me, 
p-OH, p-MeO-m-Cl, p-F, C8 p-Clƿ5lyac
6ǀ!5s_ŒƭŰDę:ĽàEJŗ#/F
(5×"6 p-NMe20Ũ 5.0kcal mol-10F1c
1ĮƘ#/ 4c 5¢ƼÛÞ³Ƃı×*@1ŵ
DGF 
 4c5–DEX5 2c5–DEX4â%FlyacƾFig. 5ƿ
06ǀp-NO2D p-NMe2>05Ũ 33 kcal mol-1
4I*-/ 0.835őŰŒƭƃDGFǀŒƭ
ė6 R=0.9670ŒƭŦñ6ź3ƍū4ĦƉ
%F1ǀƽƾƿ0ŗ#*s_ųēÐC8iu
ƴÙıóýųēÐ4./ǀ 1.04ǀŒƭė
R=0.996 5G*őŰŒƭăŢ#/F!GD
s_ųēÐC8iuƴÙıóýųēÐD5ƏƔ
±Ĥ6ǀ4c1 2c10<=Ť#1FŎƾƿ 
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0ŗ#* p--ƴÙýųē5lyac6ǀ!5
s_ŒƭŰD×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(5×"6 p-NMe20Ũ 9.9 kcal mol-10F1c
1ĮƘ#/ 4c 5¢ƼÛÞ³Ƃıƹż4ä"*
@1ŵDGF
 ǀ4c 5ųēÐ±ĤJs0Ðĸŧ5 1c C8s+
Ðĸŧ5 2c 5ųēÐ±Ĥ1ĮƘ#*p--ƴÙ
ýųē5lyac5s_ŒƭŰD5ĽàE
Dǀ¿R`Qzŧ5őĐ¢Ƽ±Ĥ5ñÀ6 2c > 4c 
> 1c 5Ƹ43F!1ŗÈ"G* 

3.3 湯川-都野式による置換基効果解析 

 4c5ŒâįŒÛÞýƾ–DEXƿ4¶=%ųēÐ±Ĥ
Jò(1)4C-/Ɔģ#*ŭĤJ Table 2 4>1@
*ķéƦƨlyac6 Fig. 694>1@* 
 
ƀ 2. ųēÐ±ĤƆģ5ŭĤ a 
Table 2. Results of substituent effects analyses.a 
–––––––––––––––––––––––––––––––––––––––––––––– 
  f /˚b        r       r +      Rc     SDd     ne 
–––––––––––––––––––––––––––––––––––––––––––––– 
 0.1 (opt)f -15.04 0.36 0.999 0.35 27 
 0 -15.04 0.36 0.999 0.35 27 
 10 -15.01 0.36 0.999 0.35 27 
 20 -14.91 0.33 0.999 0.32 27 
 30 -14.78 0.30 0.999 0.28 27 
 40 -14.63 0.25 0.999 0.25 27 
 50 -14.48 0.19 0.999 0.23 27 
 60 -14.32 0.12 0.999 0.23 27 
 70 -14.17 0.05 0.999 0.23 27 
 80 -14.05 -0.01 0.999 0.23 27 
 90 -14.00 -0.03 0.999 0.21 27 
–––––––––––––––––––––––––––––––––––––––––––––– 
a) By measn of Yukawa-Tsuno Eq. (1). 
b) Dihedral angle f between the benzene ring and the 
side chain planes. 
c) Correlation coefficient. 
d) Standard deviation. 
e) Number of substituents involved in the analysis. 
f) Fully optimized cation. 
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Fig. 4. Comparison of substituent effect between 4 and 1.
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Fig. 5. Comparison of substituent effect between 4 and 2.
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図 6. 4c の -ΔEx に関する湯川−都野プロット .
Fig. 6. The Y-T plots on -ΔEx of 4c.
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Fig. 7. The Y-T plots on -ΔEx of 4c(φ=30˚).
-10
-5
0
5
10
15
-1.5 -1 -0.5 0 0.5 1
R = 0.999
SD = 0.28
σ scale
ρ = -14.78
r + = 0.30
: σ
: σ +
: σ 0
-Δ
E x
(4c
(φ
=3
0˚
)) 
/ k
ca
l m
ol-
1
p-NO2
p-NOp-CN
p-CHO
p-CF3
p-COMe
m-NO2
m-CN
m-CHO
m-CF3
m-COMe
m-Cl
p-Clp-F
m-F
p-MeO-m-Cl
m-MeO
H
m-Me
p-t-Bu
p-Me
p,m-Me2
p-MeO
p-OH
m-Me2N
p-NH2
p-Me2N
HNH
X
4c(X, =30˚)
H
図 8. 4c(φ=60˚) の湯川−都野プロット .
Fig. 8. The Y-T plots on -ΔEx of 4c(φ=60˚).
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Fig. 9. The Y-T plots on -ΔEx of 4c(φ=90˚).
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3.4 NBO 解析 
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πC1-C2 → π*N7-C14 (NBOs 10→46, 23.07 kcal/mol)
πC1-C6 → σ*N7-C14 (NBOs 11→45, 2.51 kcal/mol)
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図 10. 4c の NBO 相互作用 .
Fig. 10. NBO interactions in 4c.
Fig. 11.  DA interactions of NBOs between the benzene
π-electron system and the side chain vs. the dihedral angle φ. 
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図 11. ベンゼンπ電子系と側鎖との間の
D-A 相互作用の二面角φに伴う変化 .
 Copyright © 2017 Hosei University      ĳĕ×ÚÿÑsbLKĖŷŕŠ\z_|ŕŠÑÅ Vol.31 
37 
ĢR`Qz5őĐ¢Ƽ±Ĥ4ƭ#/F1ŵD
GF 
 Fig. 116ǀǄŝƺ5ƖƠŒņƾ–*C8
–	*ƖƠŒņƿƶƅ
4-/25C
4Ô³%FJlyac#*A50F!5ly
ac4Ě/ǀŲƗ5ƖƠŒņ5×"6ǀm
z]zƴÙŧDƪ:5ƴÙś²4ƭ%FƖƠ
ŒņPfwS|+03ǀƪDmz]z
ƴÙŧ:5ƖƠŒņPfwS|A¯*J
ŗ#/FŎƾƿ0ŗ#*-*Œņ6ǀ
ïƶĨƞJ1F14ğA×ƾ12.7 kcal mol-1ƿǀ
ƶƅÓ×%F4.G/´Ɛ4ĵå#/(
#/ǀőĨƞƾ
=90ƿJ¸F14ŒņP
fwS|6 0Jŗ#*}ęǀƽƾƿ0ŗ#*
-	*Œņ6ǀőĨƞ5Ğ4ğA×ƾ3.8 
kcal mol-1ƿǀƶƅ
ĵå%F4.G/´Ɛ4ĵå
#/(#/ǀïƶĨƞƾ
=0ƿ514Œ
ņPfwS|6 0Jŗ#* 
 Ɗ5-*Œņ1-	*Œņ5ůÇǀ
ĢR`Qz5őĐ¢Ƽ±Ĥ5ōŁ4ƭ#/F1
ŵDGF(!0!GD5ƖƠŒņPfwS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
|5ůÇ1 r+1JFig. 124ĮƘ#*Fig. 1206ǀ
ĪƗ4 r+J1EǀŲƗ4mz]zƴÙŧ1ƪ
5 NBO ƖƠ5ŒņPfwS|5ůÇJ1-/
FŒņPfwS|1 r+6Įƭ4F
!5ß6ǀĢR`Qz4/ǀ!GDƵº£ŏ
3ŒņJƜ#/őĐ¢ƼŒņōŁ#/
F1!1Jŗ#/F>*ǀ4c06ǀƶƅ

 090>025C3ƅñ0Amz]zƴ
Ùŧ1ƪƖƠ15ŒņPfwS| 043D
350ǀőĐ¢Ƽ±ĤJŗ"3s0Ðĸŧ46ă
Eù31!1ĜD43-*!5ŒƭŰ
JƖƠŒņPfwS| 043F>0ÕČ%F
1 r+=0.2413EǀŁÎ5ZU|w0 r+=0.245R
`Qzŧœ5s0Ðĸŧ0FŵDGF 
 øǀœ5s0Ðĸŧ5ďŪ5*@ǀŝ5R`Q
zŧ5įŒÛÞý4¶=%ųēÐ±ĤJĦƉ#/
Þ0F 
 
4. まとめ 
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Fig. 12.  Sum of DA interactions of NBOs between the benzene
π-electron system and the side chain vs. r+ value. 
図 12. ベンゼンπ電子系と側鎖との間の
D-A 相互作用の総和と r+ 値の比較 .
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